Fermi National Accelerator Laboratory
AD-RF-LLRF

Technical Notes for Operating a Fermilab PIP-II
Downconverter at 1408 MHz

Ed Cullerton 4/20/2020

The Fermilab PIP-Il downconverter was designed for operation using RF
frequencies of 162.5 MHz to 650 MHz, and an IF frequency of 20 MHz. To explore
if this downconverter can work at an RF frequency of 1408 MHz, this note
documents some experimental data done at 1300 MHz for the prototype (Rev. A)
of this downconverter. This data is followed by some suggested modifications to
the board using drop-in replacement parts so this board may operate at an RF
frequency of 1408 MHz.

Experimental Data at 1300 MHz:

A prototype (Rev A) of this board was produced in Nov 2016, and the board
was measured at 162.5, 325, 650, and 1300 MHz. Below is the relevant measured
data at 1300 MHz. Please refer to production Rev B datasheets for data at other
frequencies.

** Data for the IF output spectrum and temperature stability is not
included.
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Block diagram:

SYM-25DMHW
LO =+13 dBm
LO-RF = 45.5 dB
IP3 =29dB
CL=6.7dB

JDC-20-5
ILL.=05
Dir >25 dB

LFCN-1400

RF INPUT IL.= 0.8dB

+10 dBm

PHA-1

G=16dB
NF=1.7dB

P1dB = 22.6 dBm
Isolation = 20.5 dB

Supply Current = 150 mA

PSC-2-1W
Isolation > 50 dB

SCP-4-1W
Isolation > 20 dB.

GVA-82

R.P. Type-N +1.7 dam

ADL5535

G=16.7d8

RF MONITOR
2448 +10.7 dBm

NF=3.0dB

2dB

LFCN-900
I.L=05d8

cusTom

IL=11dB

ADC 10-4
C=105
IL.=0.8dB
Dir=40dB

IF MONITOR

IF OUTPUT
+6.3 dBm

Test fixture pictures:

3dB

P1dB = 17.7 dBm
IP3=41.5dBm

Supply Current = 115 mA max

ABSORBTIVE LOW PASS

LO INPUT
+5 dBm

LO MONITOR
-24dB
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RF to IF Conversion data (only channels 1-4 measured) :

IF Output vs RF Input
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Channel to Channel Isolation:

1 2 3 1 a3 i) 7 ]
1 -54.5 -92.5 -101 -99.2 -110 -1101 -105.5
2 -24.9 -84 -9 -99.9 -995 938 -85
3 956 -54.7 -35.1 -g7.9 -100.4 956 -93.4
L | -85 977 -94 5 -82.3 -85 -105 -88.8
3 -106 -107 Ry =20 -596.5 -57.1 -39
i -115 -997 -101 -89.8 -111 -ir5 -g2.7
¥ -116 -102 Ry -100 -91.5 -552.1 -75
8 -113 -104 -100 -105 -94 926 -85.3
Noise Figure Measurement:
receiver
Si . P Mini-Circuits Spect Anal
Ni =174 dBmfm Conversion Gain = G1 ZFL.500 peciium Analyzer
RF Input IF output
So, rec
50 Ohm - No, rec
Termination SA Measurement = Qutput Noise = Nout, sys
G2, F2
Noise figure of cascaded system:
Fo =F, + L(Fz-l) _ Si/Ni
G1 So/No
1300 MHz
ex -4 7 0.335544156
F2 5.6 3.630750545
G52 242 2630267992
[i -174  395107E-15
Mo -131 7 94325E-14
MofMi 43 1995262315
So/%0 195 8912509351
Ftot 235 2238721139
F1 23.34671105 216.10513
Ma, rec -155.353289 291522E-16
F3 autput 5.3
Maout, dBc -160.653289
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1/f Noise Measurement

MIXER Calibration (1.3GHz)

Starting counts 4061

Count 2t 180 deg 5441

Counts/180 deg 1330

Counts/rad 439 268

Counts @ 200 mY 4229

Counts/200mY 168

CountsMalt 40

Walts/rad 052294

0¥ agivirad) -5 63099

Measurerment & 2 -31

Offset add -133.369 = Measurement- (Waolts/rad)-60-3
1 Hz -125.369 Assumingl0 dBfdecade of 1/f noise slope

Integrate Moise from 002 tall*(meas/10) * [n(20,/0.02) = -116.976 dBc

Corwert ta radians: sqre(2 * 10 ([dBec meas]10)) = 2E-06 rad
Frequency of calculation = 1.20E+029
Covert ta fs: 245E-01 f=
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LO requirements- S21 from LO Input to 3 dB Pad Before Mixer:

3 E5071C Network Analyzer @@gl

1 Active ChyTrace 2 Response 3 Stimulus 4 Mlrfanalysis 5 Instr State

¥l 345.0000000 MHz

J Marker 3

o Marker 4

More Markers |

Ref Marker

Clear Marker

|
MenL

IMarker -
Ref Marker

Ref Marker Mode
OFF

Return

|1 Start 100 kHz IFEWY 70 kHz Stop 1.5 GHz [E

LO Input Return Loss:

8 ES5071C Network Analyzer,

1 Active ChfTrace 2 Response 3 Stimulus 4 Mirjanalysis S Instr State

Marker 2

J Marker 3

i Marker 4

More Markers |

Ref Marker

Clear Marker

|
MenL

Marker -
Ref Marker

Ref Marker Mode
OFF

Return

[1 start 100 kiz IFEMWY 500 Hz Stop 1.5 GHz [
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RF Input Return Loss:

L E5071C Network Analyzer
1 Active ChiTrace ZResponse 3 Stimulus 4 Mkr/Analysis 5 Instr State

1.300000000 GHz

Marker 1

J Marker 2

40,00

J Marker 3

Mare Markers |

Ref Marker

Clear Marker

|
Menu

Marker -=
Ref Marker

—10.00 Ref Marker Mode
OFF

Return

40,00

|1 Start 100 kHz IFEWY 500 He Stop 1.5 GHz [

IF Output Return Loss:

1 Active ChiTrace 2 Response 3 Stimulus 4 MkrfAnalysis 5 Inskr Skate

3 Log Mag " ref

Select Port

1* I

Cpen
Cpen
Shart
Short

Load

Broadband

Done

|1 start 100 kHz IFBVY 500 Hz Stop 100 MHz (@31
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Proposed changes for operation at 1408 MHz:

A few parts on the board are not rated for operation at 1408 MHz, but they
may be replaced with drop in components that do. Below is the modified block
diagram with the proposed changes:

PIP-11 8 Channel Downconverter (Rev B) PHA-1

(1.4 GHz Modifcations) FON-1450 SYM-25DMHW G=16dB

CN-180 LO =+13 dBm NF=17dB
LFEN-400 LO-RF = 45.5 dB P1dB = 22.6 dBm PSC-2-11 .

J0e-20-5 LFCN- 1P3 =29 dB Isolation = 20.5 dB W SCP-44

RF INPUT M L= 08dB CL=67dB Supply Current = 150 mA )0 S U

B

— . E3 +13 dBm E E Isolation = B Gvas2
i = 3 | G D
T a8 3d8 3d8 S T

1dB 0dB

Jpc-20-5

LO INPUT
+5 dBm

4 dB

ADL5535
G=16.7dB

P1dB = 17.7 dBm
IP3=41.5dBm LO MONITOR

NF=3.0dB -24d8
Supply Current = 115 mA max

RF MONITOR
14dB +10.7 dBm

2dB

LFCN-120
I.L.=05dB

CUSTOM
ABSORBTIVE LOW PASS
IL.=11d8B

2dB

ADC 10-4
C=10.5
I.L.=0.8dB
Dir=40dB

IF MONITOR

IF QUTPUT
+6.3 dBm
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